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ABSTRACT OF THESIS 
ACID PHOSPHATASE ACTIVITY IN TOBACCO MOSAIC 
VIRUS SUSCEPTIBLE AND HYPERSENSITIVE 
VARIETIES OF BURLEY TOBACCO 
Some varieties of burley tobacco exhibit a suscepti-
bility to tobacco mosaic virus which is characterized by 
a systemic infection . Other varieties yield a hyper-
sensitive response with the rapid necrosis of cells result -
i ng in the localization of the virus in a small lesion. 
Thi s study entailed an analysis of acid phosphatase in 
representative varieties of both groups of plants. In 
untreated, infected and mechanically injured plants the 
acid phosphatase activity was higher in the hypersensitive 
varieties . 
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INTRODUCTION 
Some variet ies of burley tobacco (Nicotiana tabacum L.) 
exhibit a susceptibility to tobacco mosaic v irus (Tf'.W) whi ch 
1s characterized by systemic infection of the plant . The 
disease 1s distinguished by a mosaic patt~rn of yellow and 
various shades of green on the leaves (4). Other varieties 
" 
respond to inoculation with the virus by producing necrotic 
spots at the points of entrance of the virus (40). This 
latter type of response is termed a hypersens itive reaction , 
which as -defined by Muller (27) involves all morphological 
and hist0l0gical changes that , when produced by an infectious 
agent , elicit the premature necrosis of the inf€cted tissue 
as well as inactiv-ation and localiz-ation of the inf-ectious 
agent. 
The results of Holmes (15), Samuel (33), Yarwood (44) , 
McKinney and Clayton (26) , and Kassanis (20), experimenting 
with the effects of temperature on local lesion formation , 
suggest that hydrolytic enzymes may b€ related to the hyper-
sensitive reaction involving TMV. 
Benson (7) noted that the rupture of plant cells re-
leases or a ctivates the ph0ephatases and other hydrolytic 
enzymes o The ph0sphatase-s are eateg0rized as ~cid or alkaline 
phosphatases (29), depending on the pH optimum. Roche (32) 
defines acid phosphatases as hydrolytic enzymes which remove 
phosphoryl residu~s by hydrolysis of phosphate esters at an 
opjtimum acidic pH. 
Williams and Staples (4J) reported a sli-ght 1ncrease 
in acid phosphatase activity in-Pinto beans (Phaseolus 
2 
vulgaris L •. ) infected by the bean rust fungus (Uromyces phaseoli) 
over that of healthy beans. 
Few investigations have been conducted to study the 
physiological nature of the susceptible and hypersensitive 
reaction of tobacco varieties to TMV infection in relation 
to hydrolytic enzymes. This study was undertaken to obtain 
a better understanding of the possible existence of a rela-
tionship between acid phosphatase and the hypersensitive 
reaction. An effort was made to determine the acid phos-
phatase activities in susceptible and hypersensitive vari-
eties of burley tobacco, before and af.ter inoculation-with 
TMV~ 
REVIEW OF ~ITERATURE 
Modern research on tobacco mosaic disease began with 
the work of' Mayer ( 25,) in Holland during the latter part of' 
the nineteenth century~ -Mayer demonstrated that the disease 
was readily transmissible and infectious, and he was the 
f'irst to use the word "mosaic" to describe the symptoms. 
Iwanowski (17) studied the disease in the Crimea in the 1890 1 s 
and f'ound that the infectious entity in juices f'rom infected 
tobacco plants would pass through a bacteria-proof' f'ilter. 
About seven years later Beijerinck ·(6), working in Holland·, 
demonstrated that the contagious entity was increased in 
some way in tobacco plants·, and was the f'irst to use the 
word !'virus" f'rom the Latin word meaning poison~ -He also 
f'ound the virus would remain infectious in mosaic leaves 
which were dried and kept f'or two years·. Sturgis in 1899·, 
as reviewed by Lucas (22), was the f'irst to report the 
mosaic disease on tobacco in the United States·; In 1914, 
-Allard (1) published the f'irst of' an extensive series of' 
papers on tobacco mosaic virus. -Since then·, considerable 
work has been done in the United States at the various 
agricultural experimental stations-• 
.While at the Rockefeller Institute in 1935, Stanley 
.(37) isolated a crystalline protein possessing the properties 
of' TMV. He stated: ."Tobacco mosaic virus is regarded as 
an autocatalytic protein, which, for the present, may be 
assumed to require the presence of living cells for multipli-
cation .• 11 In 19.37 Bawden and Pirie ( J) found that viruses 
are nucleo-proteins. The evidence available shows that TMV 
is a hollow rod-shaped particle J,000 X 180 Angstroms (8,21). 
It consists of two parts-a protein shell (capsid) composed 
of a large number of protein subunits surrounding a ribo-
nucleic acid (RNA) core~ Tpe molecular weight is .39 X 106, 
of which 5.7 per cent is RNA. Bawden (4) states that virus 
multiplication is a derangement of the nucleo-protein me-
tabolism of the host, with infection changing the cell's 
metabolism and leading to different end products. The 
viruses become determinant parts of the whole cell • .It is 
the intrusion of the virus RNA into host cells that seems 
to be the prime factor in disturbing their metabolism. 
Johnson and Valleau (18) reported that TMV is 
known to maintain its infectivity in dried leaves for a 
period of 52 years. Luria (2.3) noted that TMV is practically 
stable at 65 degrees centigrade, appreciable inactivation 
occurs at 70 degrees centigrade, most of the particles are 
inactive at 85 degrees centigrade, and all particles are 
inactived at 9.3 degrees centigrade when exposed for 10 
minutes: 
Tobacco mosaic virus ·has the ability to enter and 
multiply in any vegetative part of the plant and in doing 
so profoundly changes the physiology of the host. Bawden 
(5) and Smith (35) note that injury to the trichomes does 
not seem to be as important a factor in virus entry as in-
jury to the epidermal cells. They also found that invasion 
through the stomates is rare. Precisely how infection 
occurs is uncertain; however, Mundry (28) believed that 
the ectodesmata of the epidermis are the cellular sites 
where the virus particles enter. When TMV makes contact 
with a susceptible site, the union is essentially in-
stantaneous and irreversible (34, JS). The susceptible 
sites, which may be only a few microns or less in diameter·, 
are exposed to TMV particles almost immediately upon 
wounding. This action permits them to come into close 
contact with the cytoplasm. Within a few minutes, the 
capsid is shed from the RNA core, and RNA systhesis ap-
parently begins in the nucleus within JO minutes (9·, JS). 
However, little evidence is available concerning the 
mechanism of RNA synthesis. 
TMV spreads easily, by merely handling a diseased 
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plant and then a healthy one. Plants in beds are often in-
fected by growers who strip or handle the preceding year's 
crop, and then weed or pull plants. Workers who chew or smoke 
natural leaf tobacco during plant-bed operations may also 
introduce the virus into the plant bed. In either case, 
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the contamination is usually spread from the fingers to the 
plants by rubbing (:22). Mosaic disease is rarely seen in_ the 
beds becaust:l the leaf' symptoms do not have time to deve:):op 
before transplanting, but practically-all.severe cases of 
mosaic in the field trace back to bed infection (-41).' 
Occasionally, chewing insects including. grasshoppers·, :flea 
beetles, and caterpi•llars do transmit TMV, however insects 
do not appear to be important vectors (·24 ·; JO, Jl) ·:· 
Resistance to TMV was found in Nicotiana glutinosa 
by Allard (2). In 1929 Holmes (14) showed t,hat when N. 
glutinosa was inoculated with TMV! necrotic spots (1 - 10 
millimeters in diameter) were produced. Necrot_ic lesions 
r:esult from the rapid -death of -a group of infected cells, 
with consequent localization of TMV in a small area. This .. 
reaction is attributed to the hypersensitivity of the cells 
to the virus (22). 
Ward (-42), in 1902, was the first to rec0gnize the 
signifi-cance of the hypersensitive reaction.- In his treat-
ise "On the relations between host and parasite in the bromes 
and their brown rust" he shows that the hyphae of· the path-· 
ogen penetrates into resistant as well as -susceptible hosts, 
Howe-ver,· in the resistant host the infection is limited to -a 
local necrosis, and the plant escapes the disease. About 
ten years later Stakman (J6)·working with a cereal rust 
fungus introduced the term hypersensitivity into phyto-
pathol0gical terminol0gy. 
Just as in the case with many diseases, the nature 
7 
of hyper~ensitive resistance is not well understood. Holmes 
(.16) in 1934 reported that the. localization of TMV in 
certain species of Nicotiana L. was due to a dominant 
. \ 
Mendelian genetic fact.or. Later Gerstel ( 11) identified 
the chromosome concerned in susceptibility and resistance 
to TMV as the H· chromosome, 
The work of Bald as reviewed by Muller (27) noted 
certain histological changes occuring during the infection 
of N:, -glutinosa with TMV-f·irst, the nucleus is __ affected and 
then the cell collapses. In oases studied by Bald a new 
layer of cells was attacked by this degenerative process 
every four to five hours.- The span of time between in-
fection and dying of-an individual cell was six to twenty 
hours~: 
Quite a number of workers. have tried to establish a 
correlation between enzymat-ic systems al).d the i=uhological 
behavior of the plant~ Grechushnikov ( 12 ):, for instance·; 
found that in potato varieties resistant to Phytophthora 
infestans the activity of peroxidase is higher than in 
susceptible ones, In using potato varieties ~esistant due 
to hypersensitivity, Kammermann (f9) failed to find such a 
relationship, According to Farkas, Kiraly and Solymosy (.10) 
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a pronounced increase in the activity of phenol-oxidizing 
systems i-s associated with virus hypersensitivity, which 
presumably r;esults in the local accumulation of quinones ,. 
The quinones are thought to cause tissue necrosis, resulting 
in virus localization~ 
The effects of temperature on local lesion formation 
sug-gest that hydrolytic enzymes may be related to the 
hypersensitive reaction involving tobacco and TMV;· Samuel 
('33) in 19-31 reported that t0bacc0 m0saic forms small 
necrotic spots qn N, glutinosa leaves at temperature~ near 
21 degrees centigrade, while much larger and more quickly 
spreading ne·crotic spots are formed at 28 degrees centi-grade, 
At 35 de~rees centigrade there is a complete absence of 
necrosis, with the inoculated leaves showing merely faint 
yellow-blotch primary lesions, Samuel stated: 'ti!t is an 
interesting fact that at the two lower temperatures where 
necrotic local lesions are formed, systemic invasion of the 
plant does not occur, whereas at the higher te!llperature', where 
no necrosis is produced, systemic infection of· the plant 
rapidly foll0ws. · 
In 1932 Holmes (15) us:J;ng N, glutinosa inoculated 
with TMV·. noted that the environmental temperature affected 
primary les:i,0n development,; At high temperatures:~ such as 
thirty degrees centtgrade, the lesions are late in appear-
ing, large, and light-c0lored, At slightly lower temper-
9 
ature; such as 20 degrees to 25 degrees centigrade, the spots 
are ~pproximately of the type described as typical for the 
host, At still lower temperatures·, such as 16 degrees to 
18 degrees centigrade, the spots are distinctly smaller 
and darker brown without the differentiation of a light tan 
center and dark brown periphery, and they appear late, No 
spots developed at all at temperatures as low as ten degrees 
centigrade, 
•McKinney and Clayton ( 26) found that•!!'• glutinosa 
responds to inoculation with the tobacco mosaic virus 
by producing necrotic spots at the points of entrance of 
the virus. At a moderately low greenhouse temperature, 
60 degrees Fahrenhe.it, infection is localized; at higher 
temperatures., 70 degrees Fahrenheit or above, the virus 
may spread into the veins and finally into the stalk, 
causing systemic necrosis •. At still a higher temperature, 
97 degrees Fahrenheit, the virus may become systemic and 
cause mottling without necrosis". 
Kassanis (20) in 1957 noted that ll• glutinosa 
inoculated with TMV and kept at 36 degrees centigrade 
yielded a spread of the disease; when changed to 20 degrees 
centigrade large lesions were produced·. 
In 1958 Yarwood (44•) reported that ll• glutinosa 
exposed to 50 degrees centigrade for 40 seconds and then 
inoculated with TMV produced lesions with an 80 per cent 
increase in the diameter as compared to the controls·. 
As was mentioned in the introduction Benson (7) 
noted that the rupture of plant cells releases or activates 
the phosphatases and other hydrolytic enzymes·. 
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Resistance to rusts yields a hypersensitive response 
in which the necrotic spots often give a flecked appearance. 
Thus it is noted that Williams and Staples (43) in 1964-
reported a slight increase in acid phosphatase activity in 
crude leaf extracts of Pinto beans (Phaseolus vulgaris ~~) 
infected by the bean rust fungus (Uromyces phaseoli) over 
that of healthy beans; while the purified form of the 
enzyme increased three-fold nine days after infection. 
MATERIALS AND METHODS 
I. GR©WTH AND HARVEST 0F PLANTS 
Experiment I 
For Experiment I seeds of hypersensitive varieties 
Ky 121 and B 21, and susceptible,. varieties Ky 16 and Ky 26 
were planted in polyethylene plant-growth tubes filled with 
vermiculite. These tubes had a hole in the bottom which per-
mitted the entry of nutrient solution. .Plywood boards', two 
feet square; were drilled with 49 1;5 inch holes for the pur-
pose of holding the tubes •. The plywood flats were construct-
ed to fit into racks provided with a fluorescent light 
source, and were easily removed for placement in nutrient 
solution •. The flats fitted squarely on top of the nutrient 
boxes to permit the complete extention of the tubes into the 
nutrient solution. 
Six to 12 s~eds were planted in each tube': and the 
vermiculite was irrigated with Hoagland I s solution No. l_ 
( 13) 20 minutes each day unti.l harvest. The Hoagland I s solu-
tion was changed every three days. 
After germination the plants were thinned to one per 
1Throughout this paper the following abbreviations 
will be used for the varieties of burley tobacco: Ky 12· 
(Kentucky 12), .B 21 (Burley 21), .Ky 16 (Kentuqky 16)·, and 
Ky 26 (Kentucky 26). 
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tube and grown for approximately ten weeks. At the end of this 
period the plant material was harvested and analyzed for ac:J.d 
phosphatase activity .(s·ee Part TI of MATERIALS AND METHODS).'. 
' .•. . 
Only young, succulent leaves -were used for analysis. 
Experiment II 
In Experiment II two flat's each of Ky 12 and Ky 26 
were grown in tubes of vermiculite as was described in 
·Experiment I. .When the plants were approximately three 
weeks of age they were transferred to sterile four inch clay 
pots which contained a mixture of one part sterilized soi],, 
one part sand, and two parts sphagnum. The pots were arranged 
• -under a fluorescent light source and watered each day. After 
about seven weeks in the pots 15 plants of each variety were 
inoculated with TMV, and 15 were used as control material. 
The inocul~tion mixture was prepared by combining in 
a sterile mortar 2 grams of fresh TMV infected tis£ue of a 
susceptible variety, 0>.8 of a gram--of--#600 silicon carbide, 
and 40 milliliters of distilled water; -The silicon carbide 
was used as an abrasive to inflict slight mechanical injury 
and permitted a greater chance of infection. The mixture 
was applied with sterile gauze pads to all the leaves of 
each variety, -To insure uniform inoculation the -entire 
surfaces of the leaves were rubbed from the midrib to the 
margin. The control plants were treated in the same manner 
as the inoculated plants except the virus was excluded from 
lJ 
the inoculation mixture. 
After application of the mixture 10 grams of inoculated 
and control plant material were randomly harvested at intervals 
of J', 6", 9·, 12', and 15 hours. A zero hour analysis of normal 
untreated plants provided comparative material~ 
II~ ACID PH0SPHATASE ANALYSIS 
Preparation of Extract 
A mixture of 10 grams of harvested leaves·, minus the 
midrib, 15 grams of technical silica·, and 20 milliliters of 
0:2 molar acetate buffer, pH 4·~0, were ground in a cold mortar 
for approximately 1 minute~ The mixture was then str~ired 
' 
through a double layer of cheese cloth and centrifuged for 
five minutes to yield a non-turbid supernatant·, which con-
tained the enzyme extract. 
Procedure for Determination of· Acid Phosphatase . 
This procedure is a modification of Torriani 1 s (39) 
method for acid phosphatase analysis. 
A reaction mixture containing 0.1 milliliters of the 
extract', 3·.9 milliliters of 0~2 molar acetate buffer·, pH _4.;0-, 
and 1 milliliter of o·. 04 molar p-ni trophenyl phosphate ( NPP) 
was placed in a water incubation chamber at JO degrees centi-
grade •. One milliliter samples were withdrawn from the reacyion 
mixture after intervals of 1, 5-, 10-, and 15 minutes of 
incubation. These samples were added i=ediately to 1 milliliter 
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of 1 molar Tris buffer·, pH s-.5~ containing o-.4 molar phosphate. 
A high inorganic phosphate content is essential at this point 
to inhibit any alkaline phosphatase activity that may be 
present; .The amount of p-nitrophenol (NP) liberated from the 
NPP by the hydrolytic action of acid phosphatase was measured 
at a wave length of 420 millimicrons in a Beckman DU-2 
spectrophotometer, and the readings were recorded in units 
of optical density (O.D •. ). 
EXPERIMENTAL RESULTS 
Experiment I 
This experiment was conducted to determine if there 
was any diffBrencB in acid phosphatase activity of untreated 
TMV susceptible and hypersensitive varieties of burley 
tobacco~ -In this study six acid phosphatase analyses were 
made.. The results of the chemical analyses ( Table I) 
indicate a higher acid phosphatase activity in the ·hyper-
sensitive varieties of burley tobacco. 
A statistical analysis ( Table 'II, .page 18) revealed 
a highly significant difference in the activity of acid 
phosphatase in the untreated hypersensitive varieties versus 
the susceptible varieties of burley tobacco~ 
-Experiment II 
In •Experiment II an analysis of acid phosphatase 
activity was conducted in untreated', control,. and infected 
varieties of Ky 12 and Ky 26 (Table ·III, pag!3 20) ~ 
Figure 1 {page 25) illustrates that the acid p);losphatase 
activity in infected plants of Ky 12 peaked 9 hours after 
inoculation•, and this was the ·highest peak obtained·. Also, 
plants of Ky 12 showed the highest -activity peak 12 hours 
after application of the inoculation mixture which was devoid 
of the virus~ This was almost as high as the 9 hour activity 
peak of infected Ky 26. 
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TABLE I 
ACID PHOSPHATE ACTIVITY OF FOUR VARIETIES OF BURLEY TOBACCO 
*O.D. O.D, O,D. 0. • D • 
**Ti Ti Ti - -Ti 
Run Variety 1 minute 5 minutes 10 minutes 15 minutes 
1 Ky 12 0.065 o.44o 0;820 1.250 
1 B 21 0.095 0,430 0,820 1.200 
1 Ky 16 0.065 
.• 
0.335 0.-670 1,080 
1 Ky 26 0.050 0,330 0.615 o·:·960 · 
2· Ky 12 0,180 0.510 0.920 1.·280 
2 B 21 0,180 0,435 0.780 1 ;·114 
2 Ky 16 0.130 0,380 0,665 1,'050 
2 Ky 26 0.150 0,390 0,745 1;·010 
3 ,Ky 12 0.135 o:400 0,800 1.150 
3 B 21 0.151 0.385 0.813 1 ~180 
3 Ky 16 0.125 0.355 0.710 1:050 
3 Ky 26 0.1.30 0.320 o. 710 1.050 
4 Ky 12 0.;1J7 0;551 1 ~-050 1 :-400 
4 B 21 0.125 0,430 0.725 1 ;100 
.. 
4 Ky 16 0.127 0.375 0.:705 1.:000 
4 Ky 26 0.129 0,.445 0 •. 720 1.·001 
5 Ky 12 0.127 0.355 0.650 0:-960 
5 B 21 0.215 o.'.600 - 0..-111~ -1.~DO 
*0 ;_D, = Optical Density 
**Ti = Incubation Time 
17 
TABLE I (continued) 
*O.D, O.D. O.D. O·.D. 
**Ti Ti Ti Ti 
Run Variety 1 minute 5 minutes 10 minutes 15 minutes 
' 0~780 5 Ky 16 0.120 0.325 0.575 
5 Ky 26 0.120 0.340 0 ,1580 o.·820 
6 Ky 12 0.156 0;;462 0;;850 1:200 
6 B 21 0.095 0.313 0;657 0.940 
6 16 
\ 
o:84o Ky 0.090 0.315 0.590 
6 Ky 26 0.111 0.281 0~'.510 0~830 
TABLE II 
COMBINED ANALYSIS OF VARIANCE IN A RANBOMIZED BLOCK DESIGN 
Source 
Experiment 
Time 
Periods 
Between 
Experiments 
Varieties 
Hypersensitive 
versus 
BElgrees 
of. 
Freedom. 
5 
3 
Sum 
of 
Squares 
12.083 
Mean 
Square 
F 
Value. 
Susceptible 1 o.;376 
Ky.12 
versus 
B. ?1 
Ky 26 
vers1,ls Ky ·16 
· Varieties 
. X 
-Experiments 
. ' , . 
~rror 
':total 
1 0.-015 
1 0.002 
15 0.274 
-.. . . 
54 o.401 
.95 13~397 
F. 01 ( 1 ~15) "' 8 :68 
F~Ol (15,54) "'2~54 
o;,,002 
Q.018 
***This F·value .is highly significant 
18 
19 
Ky 26 control mater-ial, as shown in Figure 1, peaked 
at the same hour as Ky 12 control plants. The reaction of 
control Ky 12 and Ky 26 appear to be the same, except Ky 12 
had a higher acid phosphatase activity. 
Figure 1 also indicates that after the activity 
peak is reached by infected Ky 12 plant material there is 
a sharp decrease in the acid phosphatase activity, In the 
infected Ky 26 variety the acid phosphatase peaked and 
then apparently leveled off~ 
In Figure 2 (page 26) the differences in the acid 
phosphatase activity of the infected, control and untreated 
Ky 12 and Ky 26 tobacco plants are shown. The infected 
and control material peaked nine hours after treat~ent and 
were used because this was the period of high.est acid 
phosphatase activity for infected Ky 12d The peak of Ky 12 
was used as a reference because this was the highest acid 
phosphatase activity attained by-any of the plants. The 
untreated plants were used to indicate that -acid phosphatase 
aoti vi ty increased not only due to inoculation with TMV ," but, 
also because of ruqbing the plant with just the abrasive 
and water. 
TABLE III 
ACID PHOSPHATASE ACTIVITY OF TWO VARIETIES OF BURLEY TOBACCO UNDER CONTROLLED, 
UNTREATED, AND TMV INOCULATED CONDITIONS 
-· -·- .. -·. 
O.D. O,D. O.D. O,D. 
Time ,' 
- Ti Ti io minutes T Run (hours) Variety 1 minute 5 minutes 15 .minutes 
1 0 Untreated Ky 12 0 ,125 0~305 0,500 0.660 
1 0 Untreated Ky 26 o.o4o 0~215 o.4oo 0,540 
1 J Controlled Ky 12 0.225 0,430 0.660 0.900 
1 3 Controlled Ky 26 0,145 0,325 0.550 0.710 
1 3 Infected Ky 12 0 ,240 0,495 0,865 ~.200 
1 3 Infected Ky 26 0,150 0,390 0.600 0,750 
1 6 Controlled Ky 12 0.285 . 0.500 0,835 . 1 .-150 
1 6 Controlled Ky 26 0,240 o.435 0.625 0,900 
1 6 Infected Ky 12 0,270 0,56_0 1,100 1,400 
1 6 Infected Ky 26 0,175 0,450 0,775 1,110 
1 9 Controlled Ky 1,2 0,345 0.525 0,900 1,250 
1 9 Controlled Ky 26 0,250 0,430 0,650 0,980 
1 9 Infected Ky 12 0,395 0.580 1,100 1,700 l\) 0 
1 9 Infected K:v ·26 0,2<;_0- 0,480 · ·o-, tl"2D 1.2'i0 
TABLE.III (continued) 
o.n. O,D, O,D, o.n. · Time T1 Ti- T· -T Run hours Varlet 1 minute minutes 10 minutes 1 minutes 
l .12 Controlled- Ky 12 0,405 0,545 0,980 1,J50 
1 12 Controlled.Ky 26 0:270 0~440 0:670 1,150 
·1 12 Inf'ected Ky 12 O,JOO 0,450 0;780 1:250 
1 12 Infected Ky 26 0,285 0,J70 0.510 0.920 
1 15 Controlled Ky 12 O,J90 0,525 o~-970 1,110 
1 15 Controllec'I. Ky 26 0.215 0,250 o:46o 0:660 
1 15 Inf'ected Ky 12 0,280 O,J50 0.500 0,895 
1 15 Infected Ky 26 0.250 0,J55 0.500 0,900 
2 0 Untreated Ky 12 0.155 O.J20 0.520 0;695 
2 0 Untreated Ky 26 o. 095 0,210 0,420 0,550 
2 J Controlled Ky 12 0,265 0,459 . 0,690 0.920 
2 3 Controlled Ky 26 0,205 0,325 0,555 0,730 
2 3 Inf'ected Ky 12 o. 280 . 0.520 0,800 1.050 
2 3 Infected Ky 26 0,160 0,360 0.580 0,880 
2 6 Controlled Ky 12 0,305 0,465 0,750 0,960 
2 6. Controlled_Ky 26_ 0.,2/4-0_ . O.iJ.OO . 0.700 0,860 !\) 
I-+ . 
Run 
2 
·2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
Time 
(hours) 
6 
6 
9 
9 
9 
9 
12 
12 
12 
12 
15 
15 
15 
15 
0 
TABLE III (continued) 
-o.n. o.n. o.n. o.n. 
Ti - - Ti - - - T,1 - . Ti · 
1 minute 5 minutes 10 minutes· 15.ininutes Variety 
Infected Ky 12 0~310 
Infected Ky 26 0:220 
Controlled Ky 12 0,300' 
Controlled Ky 26 0~270 
Infected Ky 12 0:36_0 
Infected Ky 26 0~300 
Controlled Ky 12 · 0~360 
Controlled Ky 26 0~285 
Infected Ky 12 0,285 
Infected Kv 26 0,285 
Controlled Ky 12 0,325 
Controlled Ky 26 0,220 
Infected Ky 12 0,215 
Infected Ky 26 0,275 
0~530 
o .440 
0~500 
0:1;00 
0~590 
0~500 
0,595 
0~415 
0,41.5 
0,320 
0,490 
0.340 
0,385 
0,305 
Untreated Ky. 12_ _ _ 0, 160_ _ .0,.330 
o:850 
0~700 
0:750 
o.64o 
0.920 
o:·820 
0;870 
0,660 
0,660 
0,550 
0,740 
0,590 
0,590 
0,520 
.0,525 
1,150 
0~960 
o:·990 
0;890 
--
1.-300 
1:100 
·-1,100 
0;900 
0.900 
0,820 
1,050 
0,820 
0,520 . 
0,800 
_o,705 
I\) 
I\) 
TABLE III (continued) 
o.n. O,D, o.n. ·o.n. 
Time . .Ti T1- - - -
-"it, minutes f~ minutes Run ihours} Varieti 1 minute 2 minutes 
3 0 Untreated Ky 26 0,095 0,220 0:425 0i-555 
- -· 
3 3 Controlled Ky 12 0,275 0,455 0.700 0,925 
3 3 Controlled Ky 26 0~·210 0:325 0:565 0·;740 
3 3 Infected Ky 12 0,285 0,530 0:825 1·.100 
3 3 Infected Ky 26 0~160 0,355 0,585 0 ,'89 0 
3 6 Controllea_ Ky 12 0~305 0;475 0~780 
--· 0,970 
3 6 Controlled Ky 26 0~245 0~405 0.705 0,860 
3 6 Infected·Ky 12 0,315 0,530 0,870 1.150 
3 6 Infected Ky 26 0,225 0,440 0,705 0,975 
3 9 Controlled Ky 12 0,300 0,510 0,750 0,995 
3 9 Controlled Ky 26 0,280 0,420 o,655 0.900 
3 9 Infected Ky 12 0.365 0,595 0,940 1,400 
3 9 Infected Ky 26 0,300 o.495 0,820 1.100 
3 12· Controlled Ky 12 0.360 0.600 0,870 1~050 
3 12 Controlled Ky 26 0,285 o.410 0,665 0 .920 
3 12 Infected Ky 12 0,295 o.46o_ 0,795 1,100 
'" 0 ~_,J 
TABLE III (continued) 
O.D. O.D. O. D. O.D. 
Time Ti Ti T1 Ti 
Run (hours) Variet y 1 minute 5 minutes 10 minutes 15 minutes 
3 12 I nfected Ky 26 0 . 290 0 . 320 0 . 560 0 . 825 
3 15 Controlled Ky 12 0 . 325 o . 495 0 . 750 1 . 000 
3 15 Controlled Ky 26 0 . 225 0 . 340 0 . 590 0 . 830 
~ 3 15 Infected Ky 12 0 . 220 0 . 380 0 . 590 o . 845 3 15 I nfe:;ted Ky 26 0 . 270 0. 305 0 . 515 0 . 800 
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DISCUSSION 
The hypersensitive reaction of tobacco plants to 
infection by tobacco mosaic virus is expressed by the rapid 
necrosis of tissue surrounding the infected area. This 
results in the localization of the virus. Since the virus 
is an obligate parasite it is inactivated by this process: 
It has been suggested by many that hydrolytic enzymes 
have a role in the hypersensitive reaction since enzy.matic 
activity may result in the death of the cells. However 
there is no evidence present in the literature which provides 
for a complete mechanism which might account for this reaction: 
The results of this study indicated that represent-
ative untreated hypersensitive and susceptible varieties of 
-· burley tobacco differ in their acid phosphatase activity. 
Hypersensitive varieties exh~bited a much higher acid phos-
phatase activity than the susceptible varieties. In view 
of these findings it was thou~ht that the greater acid phos-
phatase activity might account in part for the necrotic 
response of the plant.· 
In this investigation it was· revealed that upon 
inoculation with TMV the susceptible and hypersensitive 
varieties both had higher enzymatic activity than the un-
treated plants. The enzyme activity peak was attained nine 
hours after inoculation. The reaction of infected Ky 12, 
28 
the hypersensitive variety, was characterized by a much 
higher acid phosphatase activity than the infected suscepti-
ble variety. Although a statistical analysis was not done:-
Figure 2 indicated that the relative difference between the 
acid phosphatase activity of infected Ky 12 and Ky 26·, -as 
compared to the difference between untreated Ky 12 and Ky 26, 
was the·-· same,• 
Since the enzymatic activity of the untreat-ed plants 
-was lower than that of the infected plants there apparently 
was an-activation or induction of-acid phosphatas-e: The 
activation or induction of the -enzyme·, which was ·greatest 
in the· hype1'sensitive- variety', could -account for the 
rapid necrosis of the tissue· resulting in the localization 
, ... , 
of TMV, · Thus this study strongly indicates that acid 
phosphatase has·--a· rol-e- in --t-he hy-pe:Fs-ensitiv-e response of 
burley tobacco to inf-eetion by-the-tobacco mosaic virus~ 
This study--also produeed••cF-esults- which agree- with 
the -work of ·Benson (7) in that injury'to the plant in-
cpeased-acid phosphatase -activity~ Upon rubbing a hyper-
~ensiti-ve--and--suseept-ibl-e-··V-a'l'-1-ety--wi th -the- inocu-lation 
mixture-, which wa-s-<ie-veid of the virus, the· plants-• r-eacted 
:).n -the---same-··manne-r .- Both vari-et-i-es", compared to untreated 
plants of each variety·; increased in acid phosphatase con-
tent and peaked after 12 hours, However the hypersensitive 
variety did exhibit a higher acid phosphatase activity, 
Therefore mechanical injury to the plant resulted in the 
activation or induction of acid phosphatase, 
29 
SUMMARY 
Burley tobacco varieties exhibiting hypersensitive 
and systemic reactions to tobacco mosaic virus were analyzed 
for acid phosphatase activity, The results indicate the 
following: 
1. Untreated hypersensitive burley tobacco has a 
higher acid phosphatase activity than untreated 
susceptible varieties. 
2. TMV infection of burley tobacco results in an 
increase in acid phosphatase activity~ An in-
fected hypersensitive burley tobacco variety has 
, 
a greater acid phosphatase activity than an in-
fected susceptible variety. 
3. Mechanical injury produces an increase in the 
acid phosphatase activity of varieties of burley 
tobacco, 
2 .. 
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